SAMPLE PROCESSING DEVICE AND METHOD 



Reference to Related Application 

This application claims priority to U.S. Provisional Patent Application Serial No. 
60/259,025 filed on December 29, 2000. The contents of the aforementioned application are 
hereby incorporated by reference. 

Background 

As result of the Human Genome Project and other genetic research, a tremendous 
amount of genomic and biomarker information is presently available to healthcare providers. 
Using molecular diagnostic testing, genomic and biomarker information can provide a 
resource to healthcare providers to assist in the rapid and accurate diagnosis of illness. 
However, the development of diagnostic testing systems allowing the use of such genetic 
information, particularly in the clinical setting, has failed to match pace with the genetic 
research providing the information. Current diagnostic testing systems are mainly limited to 
large medical testing centers or research labs due to the high costs associated with acquiring 
and operating the systems and the complexity of the molecular diagnostic assays being 
employed. These current systems require a large initial capital investment and incur high 
costs for reagents, disposables, operation, maintenance, service and training. 

Summary 

The present invention provides sample processing devices and methods that facilitate 
the rapid analysis of biological samples, such as blood, saliva, or urine, in an efficient and 
cost effective manner with minimal, if any, exposure to biohazards. The sample processing 
devices and methods of the present invention are particularly suited to the clinical setting, 
allowing the clinician to readily proceed from acquisition of a test sample to analysis of the 
test results, with minimal human intervention. The sample processing devices of the present 
invention may be implemented as a hand-held system suitable for the processing of a single 
sample or as a larger, bench top unit suitable for the simultaneous processing of multiple 
samples. The present invention may be valuable in all diagnostic and therapeutic monitoring 
areas, including in the point-of-care or clinical setting, in high-throughput screening, and in 
biological warfare detection. In addition, the present invention provides a sample vessel for 
holding a biological sample throughout the processing of the sample. 
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In accordance with one embodiment of the present invention, a device for processing 
a sample includes a processing unit having an opening to receive a sample vessel and at least 
one processing station positioned along the opening. The processing station includes a 
compression member adapted to compress the sample vessel within the opening and thereby 
displace a content of the sample vessel within the sample vessel. The content displaced by 
the compression member can be, for example, the sample, a reagent, or a mixture of the 
content and a reagent 

In accordance with another aspect, the processing station may include an energy 
transfer element for transferring energy to or from the content within the sample vessel and a 
control system coupled to the energy transfer element to control the energy transferred to or 
from the content. The energy transfer element can be, for example, an electronic heat 
element, a microwave source, a light source, an ultrasonic source or a cooling element. 

In accordance with a further aspect, the energy transfer element transfers thermal 
energy to or from the content within the sample vessel. An energy insulator may be 
positioned adjacent the processing station. The energy insulator can be, for example, an 
energy shielding layer, an energy absorption layer, an energy refraction layer, or a thermal 
insulator, depending on the type of energy transfer element employed. A temperature sensor 
may be coupled to the control system to monitor temperature at the processing station. 
Alternatively, the processing station may include a heat sink to dissipate thermal energy from 
the processing station. 

In accordance with another aspect, the processing station may include a stationary 
member opposing the compression member across the opening. The compression member 
can operate to compress the sample vessel against the stationary member within the opening. 

In accordance with a fiirther aspect, a driver may be coupled to the compression 
member to selectively move the compression member and thereby compress the sample 
vessel within the opening. The driver can be, for example, a motor coupled to the 
compression member by a cam. Alternatively, the driver can be an electromagnetic 
actuating mechanism. 

In accordance with another aspect, the processing device can include a sensor for 
detecting a signal from the content within the sample vessel. An energy source can 
optionally be provided for applying energy to the content within the sample vessel to 
generate a signal from the content. In one embodiment, the processing device can include an 
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electrophoresis system comprising a pair of electrodes adapted to have a predetermined 
voltage difference and an electrode actuator for inserting the electrodes into the sample 
vessel. 

In accordance with a further aspect, the processing device may include a reagent 
injector cartridge actuator adapted to receive a reagent injector cartridge having at least one 
needle in fluid communication with a reagent reservoir. The reagent injector cartridge 
actuator can be operable to move the reagent injector cartridge to inject a quantity of reagent 
into the sample vessel. 

In accordance with another embodiment of the invention, a sample vessel for holding 
a sample includes a sample containing portion for holding the sample and a handling portion 
for handling the sample vessel. The sample containing portion can have a wall constructed 
of a flexible material permitting substantial flattening of a selected segment of the sample 
containing portion. The handling portion can be coupled to the sample containing portion 
and preferably has a generally rigid construction to faciUtate handling of the sample vessel. 

In accordance with another aspect, the sample containing portion of the sample vessel 
can be a tubule. 

In accordance with a further aspect, the sample vessel can include at least one 
pressure gate disposed within the sample containing portion to divide the sample containing 
portion into a plurality of segments. At least one of the segments of the sample vessel can 
have a filter contained therein that is structured to separate selected components of a sample 
material from other components of the sample material. Additionally, at least one of the 
segments of the sample vessel can contain a reagent. The reagent can be, for example, an 
anticoagulant, a cell lyses reagent, a nucleotide, an enzyme, a DNA polymerase, a template 
DNA, an oligonucleotide, a primer, an antigen, an antibody, a dye, a marker, a molecular 
probe, a buffer, or a detection material. The sample containing portion also can include an 
electrophoresis segment containing a gel for electrophoresis. The electrophoresis segment 
can include a pair of electrodes adapted to maintain a predetermined voltage difference 
therebetween. Additionally, one of the segments can contain multilayer membranes or a 
micro-array bio-chip for analyzing the sample. 

In accordance with another aspect, the sample containing portion can include a self- 
sealing injection channel formed therein. The self sealing injection channel is preferably 
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normally substantially free of sample material and capable of fluid communication with the 
sample material in the sample containing portion. 

In accordance with another aspect, the sample vessel can include an instrument for 
obtaining a sample coupled to the sample vessel. 

In accordance with a further aspect, the handling portion of the sample vessel 
includes an opening for receiving a sample. The sample vessel also can include a closure for 
selective closing the opening. Preferably, the closure seats against the handling portion to 
close the opening. In addition, the instrument for obtaining a sample can be coupled to the 
closure of the sample vessel. 

In accordance with another aspect, the handling portion has a wall thickness greater 
than a thickness of the wall of the sample containing portion. Preferably, the thickness of the 
wall of the sample containing portion is less than or equal to 0.3mm. In one embodiment, 
the handling portion can include a cylindrical sleeve sized and shaped to fit over a portion of 
the sample containing portion. The handling portion is preferably positioned longitudinally 
adjacent the sample containing portion. 

In accordance with another embodiment, a sample vessel for holding a sample 
includes a sample containing portion having at least one pressure gate disposed within the 
sample containing portion to divide the sample containing portion into a plurality of 
segments. Preferably, at least one segment of the sample containing portion has a wall 
constructed of a flexible material permitting substantial flattening of the segment of the 
sample containing portion. 

In accordance with another embodiment, a method of processing a sample within a 
sample vessel includes the steps of introducing the sample vessel into a device for processing 
the sample and compressing the sample vessel to move the sample within the sample vessel 
from a first segment to a second segment of the sample vessel. 

In accordance with another aspect, the method of processing a sample can include the 
step of introducing a reagent to the sample within a segment of the sample vessel. 

In accordance with a fiirther aspect, the method of processing a sample can include 
the step of heating the sample in the first segment to a first temperature. The method can 
also include the step of heating the sample to a second temperature in the second segment. 
In one embodiment, the first temperature can be effective to denature the sample and the 
second temperature is one at which nucleic acid annealing and nucleic acid synthesis can 
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occur. The method of processing a sample can further include the steps of compressing the 
sample vessel to move the sample within the sample vessel from the second segment to the 
first segment of the sample vessel and heating the sample to the first temperature in the first 
segment. 

In accordance with another aspect, the method of processing the sample can include 
the step of analyzing the sample by detecting a signal from the sample within a segment of 
the sample vessel and analyzing the detected signal to determine a condition of the sample. 
The analyzing step can include applying an excitation energy to the sample within the 
segment of the sample vessel. Additionally, the analyzing step can include conducting 
electrophoresis analysis of the sample by applying a selective voltage to the sample within a 
segment of the sample vessel, detecting light emitted from the sample, and analyzing the 
detected light to determine a condition of the sample. 

Alternatively, the analyzing step can include applying an excitation energy to a bio- 
array member contained within a segment of the sample vessel, detecting light emitted from 
the bio-array member, and analyzing the detected light to determine a condition of the 
sample. The bio-array member can be, for example, a multi-layer membrane or a micro- 
array bio-chip. 

In accordance with a further aspect, the method of processing a sample can include 
the step of agitating the sample within a segment of the sample vessel. 

In accordance with another embodiment, a method of treating a sample within a 
sample vessel can include the steps of introducing the sample vessel into a device for 
processing the sample within the sample vessel and compressing one of the segments to mix 
the reagent with the sample within the sample vessel. Preferably, the sample vessel has a 
plurality of segments including a segment for containing a reagent and a segment for 
containing the sample. 

In accordance with another aspect, the method of processing the sample can include 
the step of introducing the reagent into a reagent segment of the sample after the step of 
introducing the sample vessel into the device for processing the sample. 

In accordance with another embodiment, a thermal cycler includes a processing unit 
having an opening to receive a sample vessel containing a sample. The processing unit can 
have a first processing station, a second processing station, and a third processing station 
positioned along the opening. The first processing station can include a first compression 
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member adapted to compress the sample vessel within the opening and a first energy transfer 
element for transferring energy to the sample at the first processing station. The second 
processing station can include a second compression member adapted to compress the 
sample vessel within the opening and a second energy transfer element for transferring 
energy to the sample at the second processing station. The third processing station can 
include a third compression member adapted to compress the sample vessel within the 
opening and a third energy transfer element for transferring energy to the sample at the third 
processing station. Compression of the sample vessel by of one of the compression members 
can displace the sample within the sample vessel between the processing stations. 

Brief Description of the Drawings 

These and other features and advantages of the present invention will be more fully 
understood by reference to the following detailed description in conjunction with the 
attached drawings in which like reference numerals refer to like elements through the 
different views. The drawings illustrate principles of the invention and, although not to 
scale, show relative dimensions. 

Figure 1 is a schematic diagram of a device for processing a sample according to the 
present invention; 

Figure 2 is a schematic diagram of the device of Figure 1, illustrating a compression 
member of a processing station of the device compressing the sample vessel; 

Figure 3 is a schematic diagram of an alternative embodiment of a device for 
processing a sample according to the present invention; 

Figure 4 is a schematic diagram of an altemative embodiment of a device for 
processing a sample according to the present invention; 

Figure 5 is a perspective view of an embodiment of a hand held device for processing 
a sample according to the present invention; 

Figure 6 is a perspective view of an embodiment of a bench top device for processing 
a sample according to the present invention; 

Figure 7 is a perspective view of the device of Figure 6, illustrating the device with 
the top cover rpmoved; 
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Figure 8 is a perspective view of an embodiment of a thermal cycling processing unit 
according to the present invention; 

Figure 9 is a perspective view of the processing unit of Figure 8; 

Figure 10 is a partially exploded, perspective view of a processing station of the 
processing unit of Figure 8, illustrating a heat block unit and an insulator block unit of the 
processing station; 

Figure 1 1 is a partially exploded, perspective view of the processing unit of Figure 8, 
illustrating a plurality of heating block units and insulator block units; 

Figure 12 is a partially exploded, perspective view of a processing station of an 
alternative embodiment of a processing unit according to the present invention; 

Figures 13A-13G are side elevational views, in cross-section, of a processing unit of 
the present invention, illustrating the operation of the processing unit; 

Figure 14 is a side elevational view, in cross section, of a gel electrophoresis analysis 
unit of the present invention; 

Figure 15A-15B are side elevational views, in cross-section, of embodiments of a 
sample vessel according to the present invention; 

Figure 16 is a side elevation view, in cross section, of a portion of a sample vessel 
according to the present invention, illustrating an injection channel formed in the sample 
vessel; 

Figure 17 is a side elevational view of a reagent cartridge according to the present 
invention; 

Figure 18 is a side elevational view, in cross-section, of a sample vessel according to 
the present invention; and 

Figures 19A-19C illustrate an alternative embodiment of a processing unit of the 
present invention. 

Detailed Description of Certain Preferred Embodiments 

The present invention provides devices and methods for processing a sample. The 
term "processing" as used herein generally refers to the preparation, treatment, analysis, 
and/or the performance of other testing protocols or assays on a content of the sample vessel 
in one or more steps. Exemplary processing steps include, for example: displacing a content. 
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e.g., the sample or a reagent, of the sample vessel within the sample vessel to, for example, 
adjust the volume of the content, separate content components, mix contents within the 
sample vessel; effecting a chemical or biological reaction within a segment of the sample 
vessel by, for example, introducing a reagent to the sample, agitating the sample, transferring 
thermal energy to or from the sample, incubating the sample at a specified temperature, 
amplifying components of the sample, separating and/or isolating components of the sample; 
or analyzing the sample to determine a characteristic of the sample, such as, for example, the 
quantity, volume, mass, concentration, sequence, or nucleic acid size or other analyte size, of 
the sample. One skilled in the art will appreciate that the forgoing exemplary processing 
steps are described herein for illustrative purposes only. Other processing steps may be 
employed without departing from the scope of the present invention. 

A device for processing a sample according to the present invention can integrate one 
or more processing units into a single system depending on the process being employed. The 
processing units can include one or more processing statioiis at which one or more 
processing steps can be performed on the sample within the sample vessel. Sample materials 
that can be processed according to the present invention are generally biological samples or 
samples containing biological substance and include, for example, blood, urine, saliva, cell 
suspensions, biofluids, a piece of tissue, soil or other samples. A sample processing device 
of the present invention is particularly suited for nucleic acid amplification, such as polymer 
chain reaction (PGR) or ligase chain reaction (LCR) amplification, and can include, for 
example, a sample pretreatment unit for extracting nucleic acid from sample, a thermal 
cycling reaction unit for amplification of the nucleic acid or signal, and (optionally) an 
analysis or detection unit for analyzing the amplified product. The sample processing device 
of the present invention can also be used for isothermal reaction of nucleic acid or signal 
amplifications, such as strand displacement amplification (SDA), rolling circle amplification 
(RCA), and transcription-mediated amplification (TMA). Other exemplary processes to be 
performed on samples can include clinical diagnosis, therapeutic monitoring, and screening 
of chemical compounds for discovery of new drugs. The following description primarily 
focuses on PGR amplification for illustration. However, one skilled in the art will appreciate 
that the devices and methods of the present invention are not limited to PGR amplification, 
as the devices and methods described below can be employed in other sample processing. 
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An exemplary embodiment of a device for processing a sample is illustrated in Figure 
1. The processing device 10 illustrated in Figure 1 includes a processing unit 12 having an 
opening 14 to receive a sample vessel 16. The opening 14 can be a tubular shaped opening, 
an open-faced slot or other structure for receiving the sample vessel 16 in a removable and 
replaceable maimer. The processing unit 12 includes a first processing station 18 and a 
second processing station 20, each positioned along the length of the opening 14. The first 
processing station 18 includes a compression member 22 adapted to compress the sample 
vessel 16 within the opening 14 and thereby displace a content of the sample vessel within 
the sample vessel 16. The content of the sample vessel can be, for example, the sample, a 
reagent contained within the sample vessel, or a mixture of the sample and the reagent. A 
driver 24 is coupled to the compression member 22 to selectively move the compression 
member 22 and thereby compress the sample vessel 16 within the opening 14. The driver 24 
can be, for example, an electromagnetic actuating mechanism, a motor, a solenoid, or any 
other device for imparting motion, preferably reciprocal motion, to the compression member 
22, as described in further detail below. 

Preferably, the compression member 22 is constructed fi'om a rigid material such as a 
rigid plastic or a metal. The compression member can be constructed in any shape sufficient 
to impart a compressive force on the sample vessel. For example, the compression member 
22 can be a block having a rectilinear, planar surface for engaging the sample vessel 16, as 
illustrated in Figure 1 . Alternatively, the compression member can have a curved, angular, or 
non-planar surface for engaging the sample vessel 16. 

Moreover, the compression member 22 alternatively can be an inflatable membrane 
that can be inflated by a fluid, e.g., air, nitrogen, saline, or water, to impart a compressive 
force on the sample vessel. In this embodiment, the amount of compression of the sample 
vessel may be controlled by the adjusting the inflation pressure of the membrane. 

The first processing station 1 8 can optionally include a stationary member 26 
positioned opposite the compression member 22 across the opening 14. The compression 
member 22, thus, can compress a portion of the sample vessel 16 within the opening 14 
against the stationary member 26, as illustrated in Figure 2. One skilled in the art will 
appreciate that the stationary member 26 may be replaced with a second compression 
member, such that the processing station includes two compression members that move 
together to compress the sample vessel therebetween. In addition, a stationary member or 
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second compression member may be omitted by securing the sample vessel 16 within the 
opening on either side of the compression member. 

In the illustrated embodiment, the sample vessel 16 is a closed tubule flow-chamber 
for holding the sample. Preferably, one or more segments of the sample vessel 16 are 
constructed of a flexible, compressible material, such as, for example, polyethylene or 
polyurethane, to allow selective compression, and preferably flattening, of the sample vessel 
to move the sample, or other contents of the sample vessel, within the sample vessel, 
preferably while the sample vessel 16 remains in the device 10. In one preferred 
embodiment, the sample vessel 16 includes a plurality of segments separated by an integral, 
internal structure, such as a micro-fluidic pressure gate, as described in more detail below. 
Alternatively, the sample vessel 16 can be constructed without internal, integral structures to 
form segments and the device 10 can be utilized to segment the sample vessel by 
compressing selective portions of the sample vessel. One skilled in the art will appreciate 
that other types of sample vessels suitable for containing a sample may be used with the 
device 10 without departing from the scope of the present invention. 

The second processing station 20 can include a sensor 28 for detecting a signal from 
the content, e.g., the sample or a reagent, of the sample vessel 16. For example, the sensor 
28 can be an optical sensor for measuring light, for example fluorescent light, emitted from 
the sample or from fluorescent probes within the sample. In addition, multiple sensors or a 
spectrum sensor can be used when detection of multiple wavelength light is required. The 
detected signal can be sent to a CPU 30 to analyze the detected signal and determine a 
characteristic of the sample. 

In operation, a sample can be introduced to a first segment A of the sample vessel 16 
by injecting the sample through the walls of the sample vessel 16 or by introducing the 
sample through an opening formed in the sample vessel 16, as described in more detail 
below. In the present exemplary embodiment illustrated in Figures 1 and 2, the sample 
vessel 16 includes a pressure gate 32 that divides the sample vessel 16 into a first segment A 
and a second segment B. The sample vessel 14 can be inserted into the opening 14 of the 
device 10 such that the first segment A of the sample vessel 16 is aligned with the first 
processing station 1 8 and the second segment B is aligned with the second processing station 
20, as illustrated in Figure 1 . 
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The driver 24 can operate to move the compression member 22 into contact with the 
sample vessel 16 such that the first segment A of the sample vessel 16 is compressed within 
the opening 14 between the compression member 22 and the stationary member 26. As the 
first segment A of the sample vessel 16 is compressed, a quantity of sample is displaced 
from the first segment A to the second segment B through the pressure gate 32. The volume 
of sample displaced is proportional to the amount of compression of the first segment A by 
the compression member 22. Thus, the compression member 22 of the first processing 
station 1 8 can be used to displace a specific quantity of sample into the second segment B of 
the sample vessel 16 for analysis at the second processing station 20. Substantially all of the 
sample can be displaced from the first segment A of the sample vessel 16 by completely 
flattening the first segment A of the sample vessel 16, as illustrated in Figure 2. The sample 
can be analyzed in the second segment B of the sample vessel 16 at the second processing 
station 20. 

An alternative embodiment of a device for processing a sample is illustrated in Figure 
3. The device 38 includes a processing unit 40 having three processing stations positioned 
along the opening 14, namely, a first process station 42, a second processing station 44 
adjacent the first processing station 42, and a third processing station 46 adjacent the second 
processing station 44. 

The first processing station 42 includes a compression member 22 coupled to a driver 
24 and adapted to compress a segment of the sample vessel 16 against a stationary member 
26 within the opening 16. The first processing station 42 can operate to displace a selective 
quantity of the sample from a first segment A of the sample vessel into other segments of the 
sample vessel. 

The second processing station 44 includes a conipression member 22 coupled to a 
driver 24 and adapted to compress a second segment B of the sample vessel 16 against a 
stationary member 26 within the opening 16. The second processing station 44 includes an 
energy transfer element 48 for transferring energy to or from the contents of the sample 
vessel 16. The energy transfer element 48 can be, for example, an electronic heat element, a 
microwave source, a light source, an ultrasonic source, a cooling element, or any other 
device for transferring energy. In one embodiment, the energy transfer element 48 transfers 
thermal energy to or from the sample within the sample vessel. The energy transfer element 
48 can be embedded in or otherwise coupled to the compression member 22, as illustrated in 
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Figure 3. Alternatively, the energy transfer eleinent 48 can be coupled to the stationary 
member 26 or can be positioned within the processing station independent of the 
compression member or the stationary member. The energy transfer element 48 can be 
coupled to a control system that controls the energy transferred to or from the sample vessel 
16 by the energy transfer element 48. The control system can be a component system of the 
CPU 30 or can be an independent system. The control system can also include a temperature 
sensor 50 to monitor the temperature of the energy transfer element. 

The second processing station 44 also can include a sensor 52 for detecting a signal 
from the content of the sample vessel, particularly during processing in the second 
processing station. For example, the sensor 52 can be an optical sensor for measuring light, 
for example fluorescent light, emitted from the sample or from fluorescent probes within the 
sample. The sensor 52 can be coupled to the CPU 30 for analysis of the detected signal to 
determine a characteristic of the sample. 

The third processing station 46 can include a sensor 28 for detecting a signal from the 
content, e.g., the sample or a reagent, of the sample vessel 16. For example, the sensor 28 
can be an optical sensor for measuring light, for example fluorescent light, emitted from the 
sample or from fluorescent probes within the sample. In addition, multiple sensors or a 
spectrum sensor can be used when detection of multiple wavelength light is required. The 
detected signal can be sent to a CPU 30 to analyze the detected signal and determine a 
characteristic of the sample. 

In operation, a sample can be introduced into a first segment A of the sample vessel 
16 and the sample vessel 16 can be introduced into the opening 14 of the device 10. In the 
embodiment illustrated in Figure 3, the sample vessel 16 includes two pressure gates 32 that 
divide the sample vessel 16 into three segments, namely, the first segment A, a second 
segment B, and a third segment C. The first processing station 42 can operate to displace a 
selective amount of the sample into the second segment B of the sample vessel 16 for 
processing at the second processing station 44. 

At the second processing station 44, energy can be transferred to or from the sample 
within the second segment B. In this manner, a biological or chemical reaction involving the 
sample may be carried out in the second segment B. The sensor 52 can be used to monitor 
the reaction during the reaction process. 
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Upon completion of the reaction, the sample can be moved into the third segment C 
of the sample vessel 16 by compressing the sample vessel 16 within the opening at the 
second processing station 44. Preferably, the compression member 22 of the first processing 
station 42 substantially flattens the first segment A of the sample vessel 16 to inhibit the 
sample from entering the first segment A. The sample can be analyzed in the third segment 
C of the sample vessel 16 at the third processing station 46. 

A further embodiment of a device for processing a sample is illustrated in Figure 4. 
The device 56 includes a processing unit 58 having a processing station 60 positioned along 
the opening 14. The processing station 60 includes a compression member 22 coupled to a 
driver 24 and adapted to compress a segment of the sample vessel 16 against a stationary 
member 26 within the opening 16. In the embodiment illustrated in Figure 4, the sample 
vessel 16 includes a pressure gate 32 that divides the sample vessel 16 into two segments, 
namely, a first segment A and a second segment B. The processing station 60 can operate to 
displace a selective quantity of the content from the second segment B of the sample vessel 
into the first segment A of the sample vessel. For example, a reagent can be introduced into 
the second segment B of the sample vessel 16. A quantity of reagent can be displaced from 
the second segment B into the first segment A of the sample vessel 1 6 to mix with the 
sample in the first segment A. Alternatively, the reagent can be introduced into the first 
segment A of the sample vessel 16 and a quantity of the sample can be displaced from the 
second segment B into the first segment A by the processing station 60. Thus, the first 
segment A of the sample vessel 16 can act as a reaction mixture chamber for the sample and 
the reagent. The reagent can be pre-packaged in the sample vessel 16 or can be introduced to 
the sample vessel 16 after the sample is introduced to the sample vessel 16. For example, the 
reagent can be introduced using a reagent injector cartridge, described below, that is included 
with the device. 

Referring to Figure 5, another embodiment of device for processing a sample is 
illustrated. The illustrated device 100 is a hand held system for processing a nucleic acid 
sample, preferably in an "insert and test" format in which a sample vessel containing a 
nucleic acid sample is inserted into the device 100 and processing results are produced by the 
device with minimal human intervention. The device 100 can include a housing 1 12 having 
an opening 1 14 for receiving a sample vessel 116 containing a sample for processing by the 
device 100. The opening 1 14 can be a tubular shaped opening, as illustrated in Figure 5, or 
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can be an open-faced slot or other structure for receiving the sample vessel in a removable 
and replaceable manner. A control panel 11 8 is located on the top of the housing 1 12 for 
inputting information to the device 100 and a monitor 120 is provided for displaying 
operating information, such as the results of processing. An external communication port 
121 can be located on the housing 1 12 for receiving information or outputting information, 
such as the results of processing and remote diagnosing of the system, to a remote system, 
such as a computer network. A battery 123 (Figure 7) can be located within the housing to 
provide electrical power to the components of the device 100. 

A multi-sample device 200 for processing multiple samples is illustrated in Figure 6. 
The device 200 is a bench top thermal cycling system for processing up to 96 nucleic acid 
samples simultaneously. The sample processing device 200 operates on the same principals 
as the sample processing device 100 illustrated in Figure 5, except that the multi-sample 
device 200 provides increased capacity and throughput. The multi-sample processing device 
200 can include a housing 202 having a plurality of wells or openings 204, with each well 
being capable of receiving a sample vessel 206 containing a sample for processing by the 
device. The exemplary multi-sample device 200 illustrated in Figure 6 has ninety-six wells 
for treating up to 96 samples simultaneously. One skilled in the art will appreciate that a 
multi-sample processing device according to the present invention may be designed with any 
number of wells, depending on the sample being tested and the processes being employed, 
without departing from the scope of the present invention. A control panel 208 is located on 
the top of the housing 202 for inputting information to the multi-sample processing device 
200 and a monitor 210 is provided for displaying operating information, such as the results 
of testing. 

Figure 7 illustrates the general components of the sample processing device 100 
illustrated in Figure 5. The illustrated device 100 includes three primary processing units for 
processing a sample within the sample vessel, namely, a pretreatment unit 122 for pretreating 
the sample, a reaction unit 124 for amplifying certain components of the sample, and an 
analysis unit 126 for analyzing the sample. The sample vessel can be loaded into the device 
100 through the opening 1 14. The processing units of the device are preferably arranged 
along the axis of elongation of the opening 1 14. This arrangement allows the sample to be 
moved within the sample vessel between the processing units of the device 100 in a manner 
described in detail below. Preferably, the processing units are arranged linearly as illustrated 
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in Figure 7, however, other arrangement are possible so long as the sample vessel can be 
positioned adjacent one or more of the processing units of the device 100. 

Continuing to refer to Figure 7, a pair of sample vessel loading wheels 128 is located 
at the entrance 130 of the sample vessel opening 1 14. The entrance 130 is preferably tapered 
to facilitate loading of the sample vessel into the opening 1 14 of the device 100. The loading 
wheels 128 further facilitate loading of the sample vessel by guiding the sample vessel into 
the opening 1 14. A sample collection unit 132 can be positioned proximate the entrance 130 
of the opening 1 14 to allow a selective volume of the sample to dispense into the next 
processing unit or units within the sample vessel. The sample collection unit 132 can include 
a compression member 22 opposed to a stationary member 26 across the width of the 
opening 1 14. A linear motor 138 is coupled to the compression member 22. The linear 
motor 138 can operate to move the compression member 22 toward or away from the 
stationary member 26 to selectively open and close the opening 1 14 therebetween. When the 
sample vessel is positioned within the opening 1 14, the linear motor 138 can operate to 
compress the sample vessel between the compression member 22 and the stationary member 
26. As a result, a selective volume of the sample can be moved to the next processing unit 
within the sample vessel. Preferably, the sample vessel remains compressed between the 
compression member 22 and the stationary member 26 of the sample collection unit 132 
during processing of the sample by the other processing units to prevent the sample from 
exiting the processing unit area during processing. 

The pretreatment unit 122 is positioned adjacent the initial sample collection unit 
1 32. Depending on the process being implemented, the sample may require pretreatment or 
preparation before proceeding with additional processing steps. Pretreatment can include, 
for example, adding a reagent or other material to the sample and incubating the mixture for 
certain time period. The pretreatment unit 122 of the device 100 allows for any of such 
pretreatment steps to be implemented. For PCR testing, the sample pretreatment unit 122 
can provide for nucleic acid extraction from a biological sample, such as blood. Any known 
methods for extracting nucleic acid can be utilized in the pretreatment unit, including using a 
cell lysis reagent, boiling the nucleic acid sample, GITC, or formamide for solubilization. 
Alternatively, filters can be used within the sample vessel to separate nucleic acid from 
unwanted cellular debris. 
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The pretreatment unit 122 can include a compression member 22 and a stationary 
member 26 opposed to the compression member 26 across the opening 1 14. The 
compression member 22 and/or the stationary member 26 can optionally include an energy 
transfer element for transferring energy, e.g. thermal energy, to the sample within the sample 
vessel. The energy transfer element can be, for example, an electronic heat element (such as 
Kapton heater, a Nomex heater, a Mica heater, or a silicone rubber heater), a microwave 
generator, a light source, an electronic cooling element (such as Peltier element), an 
ultrasonic energy transfer element, or any another device suitable for transferring thermal 
energy. A driver 24, for example an electromagnetic actuator such as linear stepper actuator, 
a relay actuator, or a solenoid, is coupled to the compression member 22 and operates as a 
driver. During operation of the pretreatment unit 122, the driver 24, moves the compression 
member 22 to open the opening 1 14 between the compression member 22 and the stationary 
member 26 of the pretreatment unit 122 to allow receipt of a sample vessel. After a sample 
vessel is loaded, the driver 24 drives the compression member 22 toward the stationary 
member 26, resulting in good surface contact between the sample vessel and the compression 
member and the stationary member and thus improved pretreatment. Once the pretreatment 
is completed, the driver 24 moves the compression member 22 of the pretreatment unit 122 
to further compress the pretreatment segment of the sample vessel to move a selective 
amount of pretreated sample within the sample vessel to the next processing unit. 

The reaction unit 124 can include a plurality of processing stations 150A-150C and is 
preferably positioned adjacent the pretreatment unit 122. The reaction unit 124 can affect 
thermal cycling of the sample by selectively moving the sample, with the sample vessel, 
between the processing stations 150A-150C. The phrase "thermal cycling" as used herein 
refers to a process of heating and/or cooling a sample in two or more steps, with each step 
preferably occurring at a different temperature range from the previous step. Each of the 
processing stations 150A-150C can be maintained at a pre-selected temperature range 
controlled by a temperature control system 152 and a CPU 174. Although the exemplary 
embodiment includes three thermal cycling processing stations 150A-150C, the reaction unit 
124 can include any number of processing stations 150, depending on the thermal cycling 
process employed. Alternatively, the reaction unit 124 can incubate a sample at a selective 
temperature for an isothermal reaction such as for TMA or SDA process. 
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In PCR based testing, thermal cycling can be used to denature, anneal, elongate and 
thereby amplify the nucleic acid sample. The PCR thermal cycling steps each occur at 
specified temperature ranges. Denaturing occurs at approximately 92°C-96°C; elongation 
occurs at approximately 70°C-76°C; and annealing occurs at approximately 48°C-68°C. 
Each of the PCR thermal cycling steps, i.e. denaturing, annealing, and elongation, can be 
carried out independently at a separate processing station of the reaction unit 124 by 
maintaining the processing stations at the temperature ranges effective for carrying out each 
of the PCR thermal cycling steps. For example, the denaturing step can be carried out at 
processing station 150A, the elongation step at processing station 150B, and the annealing 
step at processing station 1 50C. Alternatively, one or more of the PCR thermal cycling steps 
can be combined and carried out at the same processing station, thereby reducing the number 
of processing stations required. For example, denaturing can be carried out at processing 
station 150A and elongation and annealing can be carried out at processing station 150B, 
thus, eliminating the need for a third processing station. 

Moreover, a processing station can be provided within the reaction unit 122 for 
cooling of the sample by using a thermal energy element, a Peltier thermal electric element 
for example, to transfer thermal energy from the processing station. In PCR processing, for 
example, a processing station can be provided to preserve the nucleic acid sample between 
process steps by cooling the sample to a refrigeration temperature, e.g., 4°C. Additionally, a 
processing station can optionally be provided to cool the sample between thermal cycling 
steps to decrease the temperature down ramping time between successive thermal cycling 
steps. For example, as denaturing generally occurs at 92°C-96°C and annealing generally 
occurs at a significantly lower temperature, e.g., 48°C -68°C, the sample can be cooled after 
denaturing in a cooling processing station, preferably at a temperature lower than the 
annealing temperature, to bring the sample temperature more quickly into the annealing 
temperature range. A thermal cycling processing station can optionally include a heat sink 
166 coupled to either the compression member 22 or the stationary member 26 to conduct 
heat away from the station and radiate the heat to the environment. 

Each of the illustrated processing stations of the reaction unit 124 includes a 
compression member 22 and a stationary member 26. The compression member 22 of each 
thermal cycling processing unit can be coupled to a driver 24 for selectively moving the 
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compression member 22 toward and away from the stationary member 26. As discussed 
above, the drivers 24 can be any device capable of imparting motion, preferably reciprocal 
motion, to the compression members. A driver control system 160 is coupled to the drivers 
24 to control the operation of the drivers 24. In one preferred embodiment illustrated in 
Figure 7, the drivers 24 are electromagnetic actuators coupled to the driver control system 
160, which can be, for example, a control system for controlling the reciprocal motion of the 
actuators. Alternative drivers, compression members and stationary members are described 
below in connection with Figures 8-12. The driver control system 160 is coupled to the CPU 
174 such that the sample incubation time period, the pressure and the sample moving speed 
within the sample vessel can be controlled and coordinated by the CPU 174 to achieve the 
best reaction results. 

Each of the thermal cycling processing station 150A-150C can optionally include an 
energy transfer element for transferring energy, such as thermal energy, to the sample within 
the sample vessel. The energy transfer elements can be, for example, an electronic heat 
element, a microwave generator, a light source, an electronic cooling element, or any another 
device suitable for applying thermal energy. Each of the energy transfer elements is coupled 
to the temperature control system 152 to maintain the associated processing station within a 
selected temperature range. One or more temperature sensors, coupled to the temperature 
control system 152, can be positioned proximate the processing stations 150A-150C to 
monitor the temperature of the stations. 

Between two adjacent processing units or two adjacent processing stations, at least 
one layer of energy insulator 146 can optionally be provided to insulate the processing unit 
or the processing station from adjacent units or stations. An energy insulator layer can also 
be formed on the boundary of a processing station to prevent energy transfer to or from the 
environment. The energy insulator 146 can be, for example, an energy shielding layer, an 
energy absorption layer, an energy refraction layer, or a thermal insulator, depending on the 
type of energy transfer element employed. A thermal insulator can be constructed from a 
low thermal conductivity material such as certain ceramics or plastics. In one embodiment, 
the thermal insulator can be attached to the compression members and the stationary 
members. Alternatively, the thermal insulators can be separate from the compression 
members and stationary members and can be controlled independently by a driver to open 
and close the opening 114. In this embodiment, all the compression members and insulators 
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can open initially to allow loading of the sample vessel, and then, the thermal insulators can 
compress the sample vessel within the opening to close the vessel and form separate 
segments within the sample vessel. Additionally, a spring element or other biasing 
mechanism can be optionally utilized to bias each thermal insulator. Through the spring 
element, a driver associated with one of the thermal insulators can apply sufficient pressure 
on the thermal insulator to minimize the quantity of sample remaining in the junction 
between adjacent processing stations during an incubation period, while still allowing sample 
flow through the thermal insulator when a higher pressure is applied to the sample in an 
adjacent processing station. This design simplifies the operation of multiple thermal 
insulators. ^ 

In an alternative embodiment, the processing stations can be spaced apart to inhibit 
conductive heat transfer between adjacent processing stations and, thereby, eliminate the 
need for insulators between the stations. 

Operation of the thermal cycling reaction unit 124 will be generally described with 
reference to Figures 13A-13G. The thermal cycling process begins by opening each of the 
processing stations, e.g. first processing station 150A, second processing station 150B, and 
third processing station 150C, to receive the sample vessel within the opening 1 14, as 
illustrated in Figure 13 A. After the sample vessel is loaded with pretreated sample material, 
or the pretreated sample is dispensed firom pretreatment unit 122 into the reaction unit 124, 
the second processing station 150B and the third processing station 150C are closed by 
moving the compression member 22B and the compression member 22C of each station 
toward the respective stationary inember 26B and 26C, as illustrated in Figure 13B. As the 
second processing station 150B and the third processing station 150C are closed, the sample 
vessel is compressed between the compression member and the stationary member, 
displacing the sample within the sample vessel into a segment of the sample vessel adjacent 
the first processing station 150A. 

Next, the compression member 22 A and the insulator 146 A can compress the sample 
vessel to adjust the sample volume contained within the segment of the sample vessel 
adjacent the first processing station 1 50A, as well as the surface area to volume ratio of the 
segment. The insulator 146 A can then be closed to seal the sample in the first processing 
station 150A, as illustrated in Figure 13C. Alternatively, if the device 100 is provided with a 
sample pretreatment unit, the sample pretreatment unit can function to close the sample 
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vessel within the first processing station 150A. Other alternatives include pre-sealing the 
sample vessel after loading a sample, or providing the sample vessel with pressure gates, 
discussed below, formed between adjacent reaction zones. Once the sample is sealed within 
the first processing station 150A, the sample can be heated or cooled by the first processing 
station 150A. In PGR thermal cycling, for example, the sample can be heated to a 
temperature effective to denature the nucleic acid sample. Preferably, the sample vessel is 
pressed into contact with the compression member 22A and the stationary member 26A by 
the compression member 22A to flatten the sample vessel and to ensure good thermal contact 
between the sample vessel and the compression member 22 A and the stationary member 
26A. The compression member 22A can also optionally periodically squeeze the sample 
vessel to agitate the sample and to generate sample flow in the segment of the sample vessel 
during the reaction period to speed up the reaction. 

After a predetermined period, the second processing station 1 508 can be opened to 
allow the sample to move into the second processing station 15 OB, as illustrated in Figure 
1 3D. Next, the first processing station 1 50A closes, compressing the sample vessel and 
moving the entire sample, within the vessel 16, into a segment of the sample vessel adjacent 
the second processing station 150B, as illustrated in Figure 13E. The third processing station 
1 50C can then open to allow the sample to move into the segment of the sample vessel 
adjacent the third processing station 150C, as illustrated in Figure 13F. The second 
processing station 150B closes, compressing the sample vessel and moving the sample 
completely into the segment of the sample vessel adjacent the third processing station 150C, 
as illustrated in Figure 13G. The sample can then be heated or cooled by the third processing 
station 150C for a set time period. In PGR thermal cycling for example, the sample can be 
heated to a temperature effective to anneal the nucleic acid sample in the third processing 
station 150G. The heat'sink 166 can facilitate the temperature transition from the denaturing 
temperature of the first processing station 150 A to the aimealing temperature of the third 
processing station 150G by dissipating excess heat to the environment. Thus, the sample can 
be moved fi-om the denaturing step at the first processing station to the annealing step at the 
third processing station. 

After a predetermined time period, the second processing station 1 50B opens to allow 
the sample to move into the second processing station, as illustrated in Figure 13F. The ttiird 
processing station 150G then closes, compressing the sample vessel 16 and moving the 
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sample entirely into the segment of the sample vessel adjacent the second processing station 
150B, as illustrated in Figure 13E. The sample can then be heated or cooled by the second 
processing station 150B for a set time period. In PGR thermal cycling for example, the 
sample can .be heated to a temperature effective to elongate the nucleic acid sample. Upon 
conclusion of the elongation step, the sample can be returned to the segment of the sample 
vessel adjacent the first processing station 150A to repeat the cycle, i.e., denaturing and 
annealing and elongating or, the sample can be moved to a segment of the sample vessel 
adjacent the sample detection unit 126 if PGR thermal cycling is completed. 

The illustrated thermal cycling reaction unit 124 provides denaturing in the first 
processing station 150A, annealing in the third processing station 150G, and elongation in 
the second processing station 1 SOB, as this arrangement is deemed thermodynamically 
efficient. One skilled in the art will appreciate, however, that the PGR thermal cycling steps 
can occur in any of the processing stations without departing from the scope of the present 
invention. 

Sample thermal cycling using the reaction unit 124 of the present invention results in 
faster thermal cycling times and lower energy consumption compared to conventional 
thermal cycling devices. Sample vessel shape alteration, i.e. flattening, by the reaction unit 
124 results in significant increases in the surface/volume ratio and sample vessel contact 
with the members of the reaction unit. This allows the processing stations of the reaction 
unit 124 to heat the sample more directly, increasing the sample temperature ramping rate 
and avoiding unnecessary temperature ramping of the members and thus decreasing the 
amount of energy consumed. Equally important is that sample vessel shape alteration 
provides for the uniform transfer of thermal energy to the sample, dramatically reducing 
reaction mixture temperature gradients. The reaction unit 124 further allows the use of fluid 
flow to mix the sample as the sample is moved from one processing station to another. 

Moreover, the reaction unit 124 allows the use of a disposable, single-use sample 
vessel that minimizes contamination of the sample, contamination of the reaction unit and 
exposure of the operator to biohazards. Additionally, the reaction unit 124 does not require a 
fluid handling system, as the sample can be moved within the sample vessel during 
processing. 

Referring again to Figure 7, the reaction unit 124 can optionally include a reaction 
sensor 168 for monitoring the reaction in real-time within the reaction unit 124 by analyzing 
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the sample, including any reaction products from the reaction with the sample. The reaction 
sensor 168 can include an integral light source 169 for applying excitation energy to the 
sample within the sample vessel. Alternatively, a light source, or other source of excitation 
energy, can be provided separate from the reaction sensor 168. The reaction sensor 168 can 
be an optical sensor for measuring light, for example fluorescent light, emitted from the 
sample or from fluorescent probes within the sample. In the case of PGR, any known real- 
time PGR detection system can be employed, including, for example, using fluorescent dyes, 
such as ethidium bromide, intercalating into the DNA molecule, using a dual labeled probe 
tagged with a reported dye and a quenching dye, or using hybridization probes, which will 
result in Fluorescence Resonance Energy Transfer (FRET) only when the two probes are 
hybridized and in close proximity. In each of these approaches, the fluorescence signal is 
substantially proportional to the amount of specific DNA product amplified. The reaction 
detection sensor 168 is placed to monitor the fluorescence from the sample, preferably in the 
annealing processing station, or other processing stations of the reaction unit, dependent on 
the assay selected. Multiple sensors or a spectrum sensor can be used when detection of 
multiple wavelength light is required. The detected signal is then sent to the GPU 174 for 
fiirther analyzing the amount of product. 

Continuing to refer to Figure 7, the sample detection or analysis unit 126 of the 
device 100 is provided to analyze the sample after processing by the reaction unit 124. The 
analysis unit 126 is preferably positioned proximate the reaction unit 124. In one 
embodiment of the invention, a source of excitation energy, for example a light source, can 
apply excitation energy to the sample and a signal detector, for example an optical sensor, 
can detect light emitted from the sample in response to illumination by the excitation light. 
Specific illustrative practices, include detecting the transmission of light through the sample, 
detecting reflected light, detecting scattering light, and detecting emitted light. The detected 
light, in the form of the signal output from the sensor, can be analyzed by a GPU 174 
provided in the device through known signal processing algorithms. Suitable sample 
analysis systems, employing a light source and an optical sensor or sensors, detects signals 
including light intensity at a given wavelength, phase or spectrum of the light, as well as 
location of the signal. For example, the flow induced testing system described in U.S. Patent 
Application No. 09/339,056 and the multi-layer testing system described in U.S. Patent 
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Application No. 09/339,055, both of which are incorporated herein by reference, describe 
suitable sample analysis systems. 

In the case of a PGR based assay, gel electrophoresis or capillary electrophoresis can 
be employed to analyze the nucleic acid sample, as illustrated in Figures 7 and 14. Suitable 
nucleic acid sizing gels include agarose and poly aery lamide. The gel 184 can be introduced 
to the sample vessel 16 during processing or, preferably, is pre-loaded into an analysis 
segment 210 of the sample vessel, as discussed in more detail below. The exemplary 
analysis unit 126 includes a light source 170 for illuminating the nucleic acid sample and the 
gel and an optical sensor 172 in the form of linear charged couple device (CCD). Electrode 
activators 176 operate to insert a positive electrode 180 and a negative electrode 182 into the 
sample vessel 16. The positive electrode 180 and the negative electrode 182 are electrically 
connected to a voltage source, which creates a voltage difference between the electrodes. As 
nucleic acid products are negatively charged, the nucleic acid products within the sample 
will move through the gel 184 toward the positive electrode 180. The gel separates the 
sample components by size, allowing smaller components, such as nucleic acid products, to 
travel faster, and thus, further, than larger components. A suitable dye or fluorescent tag can 
be introduced to gel to identify the nucleic acid products. Light from the light source 1 70 
can illuminate the dyed or tagged nucleic acid products in the gel and the optical sensor 172 
can then identify the illuminated nucleic acid products. The output signal of the optical 
sensor 172 can be analyzed by CPU 174 according to known signal processing method to 
determine the presence, absence, quantity or other condition of the nucleic acid sample. 

Alternatively, the nucleic acid sample can be analyzed in accordance with 
conventional nucleic acid analysis methods, such as, for example, chemiluminescence, 
fluorescently labeled primers, antibody capture, DNA chip, and/or magnetic bead detection 
methods. ' 

One skilled in the art will appreciate that the processing units and the processing 
stations of the above-described exemplary embodiments of the sample processing device of 
the present invention can be arranged in any order depending on the sample being processed 
and the process being utilized. The sample processing device of the present invention may 
include any combination of the processing units and processing stations described herein, as 
well as additional processing units and processing stations that will be apparent to those 
skilled in the art upon reading this disclosure. Moreover, the sample processing device may 
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include only a single processing unit, such as, for example, a reaction unit for thermal 
cycling a sample, or may include a only a single processing station, such as, for example, a 
processing station for displacing a specified volume of reagent or sample. 

Figures 8-12 illustrate alternative embodiments of a reaction unit 250 for thermal 
cycling a sample according to the present invention. The reaction unit 250 can include one 
or more openings 252 for receiving one or more sample vessels 1 6. The embodiments 
illustrated in Figures 8-12 have three openings 252, permitting the simultaneous thermal 
cycling of up to three samples. The reaction unit 250 comprises three processing stations: a 
first processing station 254, a second processing station 256, and a third processing station 
258. Thermal insulators 260A-260D are positioned between the processing stations and at 
the top of the first processing station 254 and the bottom of the third processing station 258. 

Referring specifically to Figures 8 and 10, the first processing station 254, as well as 
the second and third processing stations 256 and 258, includes an embedded heat element 
262 for transferring thermal energy to the sample vessel when the sample vessel is positioned 
within an opening 252. The heat element 262 can be a Kapton heater, a Nomex heater, a 
Mica heater, a silicone rubber heater or any other thermal energy transfer element suitable 
for delivering thermal energy. The heat element 262 can be seated in a recess 264 formed in 
the processing station 254 and secured to the processing station by an adhesive or other 
attachment means. The heat element 262 of each of the processing stations is preferably 
coupled to a temperature controller 266 for controlling the temperature of the heat element. 
One or more temperature sensors 268 can be positioned in the processing station 254 to 
measure the temperature of the processing station 254. The temperature sensor 268 can be 
coupled to the thermal controller 266 such that the temperature controller 266 can monitor 
and adjust the temperature of the processing station in a feedback control manner. 

Referring to Figures 10 and 11, each processing station comprises a stationary 
member 270 and a compression member 272 adapted to compress the sample vessel 
selectively within one or more of the openings 252 and thereby move the sample within the 
sample vessel. The compression member 272 is preferably complimentary in shape to the 
stationary member 270 and includes a plurality of finger-like closure elements or shutters 
274 sized and shaped to slide within the openings 252. Guide rails 276 are positioned on 
either side of the compression member. The guide rails 276 are preferably sized and shaped 
to fit within grooves 278 formed in the side walls of the stationary member 270. The 
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combination of the guide rails 276 and the grooves 280 allow the compression member 272 
to reciprocate relative to the stationary member 270 to selectively open and close the 
openings 252. 

Each thermal insulator 260 can be configured in a manner analogous to the 
processing stations. For example, the thermal insulator 260B comprises an insulator 
stationary member 280 and an insulator compression member 282 adapted to compress a 
sample vessel within one or more of the openings 252. The insulator compression member 
282 includes a plurality of finger-like closure elements or shutters 284 sized and shape to 
slide within the openings 252 to selectively open and close the openings 252. 

Each compression member 272 and insulator compression member 282 is coupled to 
a driver, such as an electromagnetic driver mechanism, as described above, or any other 
mechanism for imparting motion, preferably reciprocating motion, to the compression 
members. Each compression member can be coupled to an arm 286 for providing a 
connection between the compression member and the driver, as best illustrated in Figures 9- 
1 1. In one embodiment, illustrated in Figure 10, the arms 286 are hollow tubes that receive 
coiled springs 288 and dowels 290. The springs 288 operate to bias the compression 
members 272, 282 in a direction away from the stationary member 270 and the insulator 
stationary member 280, respectively. An elastic element, such as the coiled spring used here, 
provides a simple mechanism for assisting the driver to regulate the compressing pressure 
applied to the sample vessel. The driver can be a motor 292 for driving a rotating shaft, as 
best illustrated in Figure 8. The rotary motion of the shaft can be translated to reciprocating 
motion through cams 294 provided for each of the compression members 272 and 282. The 
cams 294 are coupled to the arms 286. The cams 294 can be configured to selectively open 
and close the compression members 272 and 282 in accordance with conventional cam 
design methods. 

In one alternative embodiment of the reaction unit, the compression members 272 
and 282 of each of the processing stations and insulators include holes 296 for receiving a 
cam 294 and a linear spring element 298. Spring elements 298 each operate to bias a 
respective compression member in a direction away from the corresponding stationary 
member. The cams 294, in combination with the springs 298, act to impart reciprocating 
motion to the actuators and regulate the compressing pressure on the sample vessel. 
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Figures 19A-19C illustrate a further embodiment of the reaction unit of the present 
invention. The reaction unit 350 includes nine openings 352 for receiving up to nine sample 
vessels simultaneously. The reaction unit 350 includes three processing stations: a first 
processing station 354, a second processing station 356, and a third processing station 358. 
Thermal insulators 360A-360D are positioned adjacent each of the processing stations and at 
the top of the first processing station 354 and the bottom of the third processing station. Top 
thermal insulator 360A and bottom thermal insulator 360D are movable independent of the 
first processing station 354 and the third processing station 358, respectively. Intermediate 
thermal insulators 360 B and 360C are coupled to the first processing station 354 and the 
second processing station 356, respectively. 

Each processing station comprises a stationary member 370 and a complementary 
compression member 372 adapted to compress the sample vessel selectively within one or 
more of the openings 352 and thereby move the sample within the sample vessel. Each 
stationary member 370 has a projection 374 aligned with one of the openings 352. The 
compression members 372 are each provided with a projection 376, positioned on an 
opposite side of the opening 352. When a compression member 372 is slid on the 
corresponding stationary member 370, the projections 374 and 376 engage and close the 
openings 352 therebetween. 

Each compression member 372, as well as intermediate thermal insulators 360B and 
360C, include an arm 380 coupled by a cam 384 to a rotary shaft 382. A stationary insulator 
member 362 is coupled, and aligned with an edge of each opening 352 on each stationary 
member 370. Each stationary insulator member 362 is inserted in each of the openings of a 
movable insulator compression member 360 to react to compression and open or close the 
opening. The shaft 382 is rotated by a stepper motor or a servo motor 386. The cams 384 
translate the rotation of the shaft 382 into linear reciprocal motion, which is imparted to the 
arms 380 to affect selective opening and closing of the openings 352 and compression of the 
sample vessels therein. 

Each arm 380 includes an inner shaft 390 received within an outer sleeve 392. A 
spring 394 is interposed between the inner shaft 390 and the respective compression member 
or thermal insulator. A second spring 396 is positioned on an opposite side of the respective 
compression member or thermal insulator. The spring 394 cooperates with the second 
spring 396 to allow the compression member or thermal insulator to "float" along the axis of 
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the arm 380. In this manner, the arm 380 can apply sufficient force to the compression 
member or thermal insulator to compress the sample vessel within an opening 352 and, 
thereby, displace substantially all of the sample from the compressed portion of the sample 
vessel. An increase of pressure within the sample vessel, for example, firom the compression 
of an adjacent portion of the sample vessel, however, can cause the sample to displace within 
the sample vessel through the compressed portion of the sample vessel, as the springs 394 
and 396 will allow small axial movements of the compression member or thermal insulator. 

Each stationary member 370 and compression member 372 can be provided with an 
embedded thermal energy transfer device 398 for each opening 352 to apply thermal energy 
to the sample vessel within the opening 352. In addition, the stationary member 370 and 
compression member 372 can include temperature sensors 399 associated with each energy 
transfer device 398 to monitor the temperature of the sample vessel. 

Figure 15A and 15B illustrate embodiments of a sample vessel 16 according to the 
present invention. The illustrated sample vessel 16 is a closed tubule system that provides a 
disposable, single use container and reaction vessel for the sample. The sample vessel 16 
can be constructed of a resiliently compressible, flexible, and ultra-high strength material, 
such as polyethylene or polyurethane. The sample vessel 16 can have a seamless, flattenable 
cross-sectional profile and thin-walled construction that is optimized for fast and uniform 
heat transfer, for maximum surface contact with the sample, and for high pressure resistance. 
Preferably, the walls are constructed to converge when the sample vessel is compressed in a 
direction perpendicular to the longitudinal axis of the sample vessel such that the volume of 
the compressed portion of the sample vessel decreases and the ratio of the surface area to the 
volume of the compressed portion increases, without firacturing of the sample vessel. In one 
illustrative preferred practice, the walls of the sample vessel 16 have a wall thickness of 
approximately 0.01mm to 0.5mm. Experimental results indicate that constructing a sample 
vessel having a wall thickness within this preferred range significantly increases the 
efficiency of heat transfer to the sample. In an alternative embodiment, a two-layer wall 
structure can be used, with the inner layer providing bio-compatibility, using material such 
as polyethylene or polyurethane, and the outer layer providing lower permeability, using 
material such as high density polyethylene or aluminum foil. In addition, the material 
selected to construct the portions of the wall of the sample vessel, such as a detection 
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segment of the sample vessel 16, can be optically transmissive over a selected wavelength 
range to facilitate optical analysis of the sample within the sample vessel. 

The sample vessel 16 can be divided into multiple segments by one or more pressure 
gates 32. In the case of PGR testing, for example, the sample vessel can be divided into a 
sample collection segment 205, a sample pretreatment segment 206, a sample reaction 
segment 208, and a sample analysis segment 210. The illustrated pressure gates 32 are 
internal to the tubule structure of the vessel 16 and provide a fluid tight seal between the 
segments of the sample vessel 16, under normal operating conditions. Preferably, the 
pressure gates 32 open upon the application of pressure greater than a certain value, for 
example, approximately 3 atmospheres. When external pressure is provided to one segment, 
the pressure gate 32 can open, allowing the sample to flow from the high pressure 
compartment to the low pressure compartment. 

The sample vessel 16 can include a handling portion having a generally rigid 
construction to facilitate handling of the sample vessel. The handling portion can be coupled 
to one or more of the segments of the sample vessels used to contain the sample. For 
example, the handling portion can be a cylindrical sleeve constructed of a generally rigid 
material, such as a plastic or a metal, that is sized and shaped to fit over one or more of the 
segment of the sample vessel. In one embodiment, the cylindrical sleeve can be removable 
and replaceable. Alternatively, the handling portion can be a rigid segment, such as a rigid 
ring, positioned at an end of the sample vessel or between two segments of the sample 
vessel. In the embodiments illustrated Figures 15A and 15B, the handling portion is a 
segment of the sample vessel having an increased wall thickness. For example, the sample 
collection segment 205 and the sample pretreatment segment 206 have a wall thickness 
greater than the wall thickness of the reaction segment 208. The increased wall thickness 
provides sufficient rigidity to the sample collection segment 205 and the sample pretreatment 
segment 206 to facilitate handling of the sample vessel 16. In one embodiment, the wall 
thickness of the handling portion is greater than 0.3 mm. 

The sample vessel 16 can include an instrument, such as a sampling pipette or a 
needle 107, for direct collection of the sample to be treated and analyzed within the sample 
vessel 16, as illustrated in Figure 15 A. The needle 207 can be positioned at one end of the 
sample vessel 16 and can be connected to the sample collection chamber 205 through a 
conduit 209 formed in the wall of the sample vessel 16. A needle cover 211 can be provided 
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to secure the needle 207 prior to and after use. The needle cover 21 1 can be, for example, a 
penetrable rubber cover or a removable plastic cover. 

In another embodiment, illustrated in Figure 15B, a sampling instrument 214, such as 
a pipette, a stick, or a tweezer, can be coupled to a cover 212 that selectively closes the 
conduit or opening 209 formed in the wall of the sample vessel. The cover 212 can include 
a reservoir 216 for containing a reagent and a sample during sampling. For sampling, the 
cover 212 can be removed from the sample vessel to expose the sampling instrument 214. 
The sampling instrument 214 can be used to collect the sample, by pipetting, swabbing, or 
gathering the sample, for example, and then the sampling instrument 214 can be inserted into 
the sample collection segment 205 through the conduit 209. The sample can then be 
introduced to the sample collection segment 205 by compressing the cover 216 to displace 
the sample from the reservoir 216. Alternatively, the sample can be introduced to the 
sample collection segment 205 or to another segment of the sample vessel, depending of the 
segments present in the sample vessel, after collection by a separate instrument. 

Sample vessel 1 6 can be particularly suited for PCR testing using the sample 
processing device of the present invention, as described above. For example, nucleic acid 
extraction can be performed within the sample pretreatment segment 206 of such a sample 
vessel 16. A cell lyses reagent, for example, GeneReleaser™ from Bio ventures, Release-IT 
from CPG Biotech, or Lyse-N-Go™ from Pierce, or other extraction reagents can be 
introduced to the pretreatment segment 206 to extract nucleic acid from the initial sample. 
Extraction reagents can be stored within the pretreatment segment 206 or can be delivered to 
the segment. Additionally, one or more filters can be positioned within the pretreatment 
segment 206 of the sample vessel to separate nucleic acid from unwanted cellular debris. 

After incubation of the sample for certain time period, a portion of pretreated sample 
can be moved into the reaction segment 208. For a reaction sample volume of approximately 
5|al-25|xl, a PCR reaction segment 208 of the sample vessel 16 according to one illustrative 
practice of the invention has a wall thickness, indicated by reference character t in Figure 
15 A, of approximately 0.01mm-0.3mm, a diameter of less than approximately 6 mm, and a 
length of less than approximately 30mm. PCR reagents, such as nucleotides, 
oligonucleotides, primers and enzymes, can be pre-packaged in the reaction segment or 
reaction segments 206, or can be delivered, for example, through the walls of the sample 
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vessel using a needle, using for example, a reagent injector cartridge described below, before 
moving the sample into the segment. 

A pre-packaged reagent storage segment 214 can be used to stored a pre-packaged 
reagent. Such a reagent storage segment can be formed between any two adjacent 
processing segments and may store any reagent needed for a reaction. For example, the 
reagent storage section 214 can store PGR reagents, while reagent storage sections 236 and 
244, described below, may include detection reagents. If the reagent storage segment 214 is 
utilized, the sample vessel 16 can be compressed at the reagent storage segment 214 to 
displace the reagent into the pre treatment segment 206. Alternatively, the sample can be 
moved from the pretreatment segment 206, through the reagent storage segment 214 where 
mixing with the reagent, to the reaction segment 208. 

A self-sealing injection channel 218 can be formed in the sample vessel to facilitate 
delivery of reagent or other materials to the sample vessel, as illustrated in Figure 16. The 
illustrated self sealing injection channel 218 is normally substantially free of fluidic material 
and is capable of fluid communication with the adjacent segment in the vessel. An injection 
of reagent through an injection channel occurs preferably prior to moving any sample into 
the segment to avoid contamination. In addition, the sample treatment devices of the 
invention can utilize a reaction cartridge 220 with a single or multiple needles 222 in fluid 
communication with one or more reservoirs, as illustrated in Figure 17. The reaction 
cartridge 220 can be used to inject or deposit reagent or other materials, simultaneously, or 
sequentially into multiple segments of the sample vessel. Suitable self-sealing injection 
channels and reagent cartridges are described in U.S. Patent Application No. 09/339,056, 
incorporated herein by reference. 

One skilled in the art will appreciate that while it may be preferable for the wall of 
the sample vessel to uniform along the circumference and the longitudinal axis of the vessel, 
only a portion of the wall along the circumference and/or the longitudinal axis of the vessel 
need be resilient and compressible and have the preferred thickness to affect flattening of the 
sample vessel. Thus, the sample vessel need not have a uniform axial or circumferential 
cross-section. 

PGR thermal cycling can be performed in the reaction segment 208 of the sample 
vessel 16. The thin walled, compressible construction of the sample vessel 16 greatly 
improves the rate and efficiency of thermal cycling. The construction of the sample vessel 
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allows the vessel to deform or flatten readily, increasing thermal contact with the reaction 
unit of the device 10 and increasing surface/volume ratio of the sample within the sample 
vessel. As a result, the reaction mixture ramping rate is increased and thermal energy is 
more uniformly transferred to the sample. 

PCR analysis can be performed in the sample vessel 16. For example, real-time 
detection methods can be used within the reaction segment 208; gel electrophoresis or other 
nucleic acid detection methods can be used within the analysis segment 210 to analyze the 
sample. In the case of gel electrophoresis, a gel can be introduced to the analysis segment 
210 to facilitate gel electrophoresis, as described above in connection with Figure 14. 

In one preferred embodiment, illustrated in Figure 15 A, the analysis segment 210 is 
divided into two electrophoresis capillaries, namely, a sample capillary 230 and a control 
capillary 232, by a diametrically-central divider 234. Pressure gates 32 at either end of the 
capillaries control the movement of the sample and the reagents into both capillaries. Each 
capillary is filled with an electrophoresis gel such that gel electrophoresis can be performed 
simultaneously in both capillaries. A pair of electrodes 240, for both capillary 230 and 232, 
can be positioned within the walls of the sample vessel. A reagent storage segment 236 can 
be provided at the proximal end of the sample capillary 230 for storing reagent within the 
sample vessel prior to the sample entering the sample capillary 230. A control material can 
be stored in a control storage segment 242 positioned at the proximal end of the control 
capillary 232. A reagent can be stored in a reagent segment 244 positioned at the distal end 
of the capillaries and in communication with both the sample capillary 230 and the control 
capillary 232 for detection or display signal. The presence of the control capillary 232 
facilitates detection and analysis of the sample by providing a basis of comparison for the 
sample analysis. 

One skilled in the art will appreciate that the number of segments within the sample 
vessel is dependent upon the sample being processed and the processing methods being 
employed. For example, in the case of PCR testing, the number of segments within the 
sample vessel can be three or more. Alternatively, thermal cycling and analysis may be 
performed in one segment, reducing the number of segments to two. In certain cases, an 
isothermal nucleic acid amplification method, for example, only one segment may be 
necessary. 
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Figure 18 illustrates a sample vessel 416 particularly suited for use in a multi-opening 
sample processing device such as, for example, the sample processing device illustrated in 
Figure 6. The sample vessel 416 includes an opening 420 for receiving the sample, a cap or 
closure 424 for selectively closing and sealing the opening 420, and a sample containing 
portion 426 within which the sample can be treated. The opening 420 is formed in a 
handling portion 428 that is preferably constructed of a generally rigid or semi-rigid material, 
such as plastic or metal, to faciHtate handling of the sample vessel 416. The handling portion 
428 includes a collar 430 against which the cap 424 seats. Sample material can be 
introduced into the sample containing portion 426 of the sample vessel 416 through the 
opening 420. The collar 428 preferable tapers from a larger diameter to the smaller diameter 
of the sample containing portion 426. The sample containing portion 426 is preferable 
constructed of a resiliently compressible, flexible, and ultra-high strength material, such as 
polyethylene or polyurethane. The sample containing portion 426 can have a seamless, 
flattenable cross-section profile and thin-walled construction that is optimized for fast and 
uniform heat transfer, for maximum surface contact with the sample, and for high pressure 
resistance. In accordance with one embodiment, the sample containing portion 426 has a 
wall thickness of approximately 0.01mm-0.3mm. Preferably, the sample containing portion 
426 of the sample vessel 416 is in a flattened state prior to introduction of the sample. 
Introduction of the sample to the sample containing portion 426 will cause the walls of the 
sample containing portion to separate and the volume of the sample containing portion to 
increase. Compression of a selected portion of the sample containing portion 426 can cause 
the sample to displace to another portion within the sample containing portion along the 
length of the sample vessel. The surface of the sample vessel can be chemically treated to 
reduce a surface effect on the reaction. 

The embodiments of the sample vessel described herein in connection with Figures 
14-16 and 18, are not limited to use with the embodiments of the sample processing device 
described herein. The sample vessel of the present invention may be used with any sample 
testing or processing system. Likewise, the sample processing device of the present 
invention is not limited to use with the sample vessels described herein. Other sample 
vessels may be used without departing from the scope of the present invention. 

Certain changes may be made in the above constructions without departing from the 
scope of the invention. It is intended that all matter contained in the above description or 
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shown in the accompanying drawings be interpreted as illustrative and not in a limiting 
sense. 

It is also to be understood that the following claims are to cover all generic and 
specific features of the invention described herein, and all statements of the scope of the 
invention which, as a matter of language, might be said to fall therebetween. 

Having described the invention, what is claimed as new and desired to be secured by 
Letters Patent is: 
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